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METHOD AND APPARATUS FOR ARTHROSCOPIC TUNNELING 

FIELD 

[0001] The present invention relates generally to orthopedic surgical 
procedures and instruments, and particularly to methods and apparatuses for 
arthroscopic tunneling. 

BACKGROUND 

[0002] Various procedures may be performed to repair soft tissue in 
the body. Generally, it is known to drill a curved path into bone using two cutting 
ends which meet in the center of the curved path. Then, the soft tissue is 
secured to the bone with a suture which "wraps around" the soft tissue and bone 
by passing through the curved tunnel. 

[0003] This procedure, however, requires at least two incisions and a 
larger surface area to perform the operation. Each required incision may 
increase the healing time for the patient. In addition, the use of two cutting ends 
requires the use of a sizable instrument which reduces the efficiency of the 
intended repair operation. In particular, a large instrument may be hard to hold 
and manipulate, making the precise work of soft tissue repair tedious. 

[0004] Therefore, it is desirable to provide an instrument that allows for 
a less invasive procedure so that the precise work of the soft tissue repair can 
occur without substantial trauma to the patient. Particularly, it may be desirable 
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to allow a tunnel to be formed substantially percutaneously and through small 
incisions. 

SUMMARY 

[0005] A method and apparatus for repairing soft tissue through a less 
invasive procedure. Generally, a single shaft instrument is provided to allow for 
the drilling of a non-linear path into bone to facilitate tissue repair. An 
arthroscope can be used to monitor the procedure. Thus, smaller incisions can 
be made to repair soft tissues. 

[0006] An instrument for arthroscopic tunneling includes a housing 
having a flexible drill shaft disposed therein. The flexible drill shaft is coupled to 
a drill head for tunneling into a bone. A guiding mechanism coupled to the 
flexible drill shaft is operable to guide the flexible drill shaft in a selected non- 
linear cutting path. The selected curved cutting path includes entering at a first 
position of the bone and exiting at a second position of the bone spaced a 
distance from the first position of the bone. 

[0007] An assembly for arthroscopic tunneling includes a housing 
operable to selectively engage a drill and a flexible rod disposed in the housing. 
The flexible rod is operable to extend beyond the housing and a flexible drill shaft 
is coupled to the flexible rod. The flexible drill shaft is further coupled to a drill 
head for tunneling into a bone. A guiding mechanism is coupled to the flexible 
rod and is operable to guide the flexible drill shaft in a selected cutting path. The 
selected cutting path includes forming a non-linear path by entering the bone at a 



2 



J- 

Attorney Docket No. 5490-000373 
BMT 0683/A-093 

first location on a bone surface and exiting the bone at a second location on the 
bone surface. 

[0008] A method of cutting a non-linear tunnel into a bone including 
positioning a single shaft cutting tool adjacent to the bone at a first location. 
Next, cutting a non-linear path through the bone so as to cause the single shaft 
cutting tool to exit the bone structure at a second bone surface. 

[0009] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] The present invention will become more fully understood from 

the detailed description and the accompanying drawings, wherein: 

[0011] Figure 1 is a perspective view of an instrument according to 

various embodiments; 

[0012] Figure 2 is a cross-sectional view taken along line 2-2 of Figure 

1; and 

[0013] Figure 3 is an exploded view of the instrument in Figure 1 ; 
[0014] Figure 4 is a cross-sectional view of various embodiments of 
Figure 1 along line 2-2 of Figure 1 ; 
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[0015] Figure 5 is an environmental view of a use of the instrument 
according to various embodiments; 

[0016] Figure 6 is an environmental view illustrating the intermediary 
step in the procedure of Figure 5, and 

[0017] Figure 7 is an environmental view of the completed procedure of 
Figure 5. 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 
[0018] The following description of various embodiments is merely 
exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. Although the following description relates generally to soft 
tissue repair in the shoulder and the formation of a curved tunnel therein, it will 
be understood that the described instruments and methods may be used for any 
appropriate procedure. For example, various embodiments may be used to 
repair soft tissue in the knee. Therefore, it will be understood that the following 
discussions is not intended to limit the scope of the appended claims. 

[0019] With reference to Figure 1, a tunneling device for soft tissue 
repair 10 is illustrated. The tunneling device 10 may be used to drill into a 
humerus, as described herein. Those skilled in the art will also understand that 
the tunneling device 10 may be used to tunnel into other bones as well and may 
also be used to drill a straight tunnel into a bone. Nevertheless, the tunneling 
device 10 generally includes a flexible rod 12 for supporting a drilling member 14, 
a cartridge portion 16 and a positioning member 18. 
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[0020] With continuing reference to Figure 1 and additional reference 
to Figures 2 and 3, the flexible rod 12 extends the length of the tunneling device 
10 to support the drilling member 14 and couples the drilling member 14 to the 
positioning member 18. More specifically, as best shown in Figure 3, the flexible 
rod 12 includes a first plurality of formed loops 20 at a proximal end 22 which 
couple the drilling member 14 to the flexible rod 12. At a distal end 24 of the 
flexible rod 12, a second formed loop 26 slideably engages the positioning 
member 18 so as to allow the movement of the positioning member 18 to guide 
the drilling member 14, as will be described in more detail below. The flexible 
rod 12 may be composed of a memory shape alloy, such as NITINOL®. By 
forming the flexible rod 12 out of a memory shape alloy, the curvature of the 
flexible rod 12 can be precisely controlled, enabling the curvature of the path 
formed by the drilling member 14 to be selected prior to use. In particular, it is 
generally known that a shape memory alloy can be formed into a selected shape 
or curvature which it will maintain under normal conditions. In this instance, the 
flexible rod 12 is forced into a straight position in the cartridge portion 16. Thus, 
upon release from the cartridge portion 16 the flexible rod 12 begins to bend 
back into its selected curved state which causes the drilling member 14 to curve 
as well. 

[0021] With reference now to Figures 1 and 2 and continuing reference 
to Figure 3, the drilling member 14 includes a flexible drill shaft 28 having a first 
end 30 coupled to the positioning member 18 and a second end 32 coupled to a 
drill head 34 and the proximal end 22 of the flexible rod. The flexible drill shaft 28 
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and drill head 34 can be used to drill into bone as further described herein. The 
flexible drill shaft 28 may be any appropriate shaft such as that described in 
commonly owned U.S. Patent No. 6,267,679 incorporated by reference herein in 
its entirety. The drill head 34 may be coupled to the flexible drill shaft 28 via 
crimping, however other known attachment mechanisms may be employed. In 
addition, the flexible drill shaft 28 and drill head 34 may alternatively be formed 
as one integral part. The drill head 34 may further include a suture receiver or 
retriever 36. The suture receiver 36 may be a hook-type, however other 
configurations may be used. 

[0022] A flexible member or guide wire 38 may be further coupled to 
the flexible drill shaft 28 at the second end 32. The guide wire 38 forces or 
guides the flexible drill shaft 28 into a selected path, such as a curved or non- 
linear path, as will be further described. In one embodiment, as shown in Figure 
2, the guide wire 38 is coupled to the cartridge portion 16 such that the 
movement of the positioning member 18 causes the guide wire 38 to pull the 
flexible drill shaft 28 into a curved path. Specifically, the guide wire 38 has a set 
length so that upon movement of the positioning member 18, the guide wire 38 
must move in a non-linear path as further described herein. It will also be 
understood that the guide wire 38 is used to decrease the rate of forward 
movement of the flexible drill shaft 28 in the cartridge portion 16, and that any 
other suitable device may be employed. Alternatively, the guide wire 38 may be 
extended through the cartridge portion 16 such that the guide wire 38 may be 
manually manipulated as shown in Figure 4. 
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[0023] The flexible drill shaft 28 and drill head 34 are also coupled to 
the positioning member 18. The positioning member 18 includes a cylindrical rod 
40 having a proximal end 42 and a distal end 44. The proximal end 42 of the 
cylindrical rod 40 has a formed cup 46 for retaining the flexible drill shaft 28 of the 
drilling member 14 therein. In addition, a coupler 48 may be attached to the 
distal end 44 of the cylindrical rod 40 to couple the cylindrical rod 40 to a drill 
motor 50 as best shown in Figure 5. The drill 50 provides the torque required for 
the drilling member 14 to cut into the bone. The cylindrical rod 40 and the 
coupler 48 may be formed from any appropriate material, and may be made of 
the same or different materials. Alternatively, the cylindrical rod 40 and coupler 
48 may be integrally formed. Referring back to Figures 1 , 2 and 3, the cylindrical 
rod 40 is slideably engaged with the cartridge portion 1 6 to enable the extension 
of the flexible drill shaft 28 of the drilling member 14 outside of the cartridge 
portion 16. 

[0024] The cartridge portion 16 may generally be of a clamshell 
configuration with two interlocking halves 52 defining a through bore 54 therein. 
The through bore 54 is generally formed along a centerline C. The through bore 
54 is configured for receipt of the cylindrical rod 40 of the positioning member 18 
and the flexible rod 12 with the flexible drill shaft 28 of the drilling member 14 
attached thereto. In addition, the through bore 54 defines a chamber 56 which 
may be used to retain a spring 58. The spring 58 has a first end 60 and a 
second end 62. The first end 60 of the spring 58 encases the cylindrical rod 40 
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of the positioning system 18 while the second end 62 encases the flexible drill 
shaft 28 of the drilling member 14. 

[0025] The spring 58 may assist in guiding the drill shaft 28. The guide 
wire 38 may be coupled to the first end 60 of the spring 58 in order to provide 
automatic tensioning of the guide wire 38 during operation of the drilling member 
14, as described herein. In various embodiments shown in Figure 4, the guide 
wire 38 is positioned under the spring 58 and is not coupled to the spring 58 to 
allow manual manipulation. 

[0026] With reference now to Figures 1, 2 and 3 and with particular 
reference to Figures 5, 6 and 7, a shoulder 100 is shown undergoing a soft tissue 
reattachment 102 according to various embodiments of the present invention. 
More specifically, the tunneling device 10 has drilled a curved path through a 
humerus 104. In order to drill the curved path, an incision 106 may be made in 
the tissue 108 surrounding the shoulder 100. Next, the tunneling device 10 is 
placed near to a first bone or position surface 110 and the drill member 12 is 
activated to begin the tunneling through the humerus 104. The flexible drill shaft 
28 begins by cutting a first straight or selected path into the first bone position 
1 10 of the humerus 104. 

[0027] According to various embodiments, as shown in Figures 1, 2 
and 3, when a curved path is desired, the operator applies a force F on the 
cylindrical rod 40, causing the flexible rod 12 and flexible drill shaft 28 to bend 
due to the interaction of the spring 58 with the guide wire 38 coupled to the 
flexible drill shaft 28. More specifically, the force F may cause the flexible rod 12 
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to extend further beyond the cartridge portion 16, but the flexible rod 12 is 
prevented from moving further downward due to tension applied to the first end 
30 of the flexible drill shaft 28 by the guide wire 38. Thus, the flexible rod 12 
must curve along the selected path when the force F is applied. As the operator 
applies more force F, the spring 58 compresses, allowing for continued non- 
linear travel as shown in Figure 5. Specifically, the compression of the spring 58 
enables the guide wire 38 to move further along in the direction of the force F 
and thus the flexible drill shaft 28 can move further in the creation of the curved 
path. Although the spring 58 is not necessary, it may assist in the operation by 
reducing stress to the instrument 10. In various embodiments of Figure 4, the 
operator may instead pull on the guide wire 38 extending from the cartridge 
portion 16 to cause the flexible rod 12 to begin the curved path. 

[0028] Also, a second incision 200 can be made adjacent to the first 
bone surface 1 10 for the insertion of an arthroscope 202 as best shown in Figure 
7. The arthroscope 202 enables the operator to monitor the progress of the 
procedure. 

[0029] The tunneling device 10 may then exit a second bone surface or 
position 112 of the humerus 104 as shown in Figure 5 such that a completed 
curved path is formed. Next, referring to Figure 6, a suture 300 can be inserted 
through a third incision 302, by either a needle or tweezers as generally known in 
the art. The suture 302 may also be passed through an existing incision, such as 
through a canula including the arthroscope. The suture 300 is then looped 
around the suture receiver 36 on the tunneling device 10. Thus, as the tunneling 



9 



Attorney Docket No. 5490-000373 
BMT 0683/A-093 

device 10 is removed from the curved path, the suture 300 is pulled back through 
the curved path. Finally, the suture 300 can then be tied right to the humerus 
104 in a knot 304 as shown in Figure 7. This technique is known as the 
"tunnel/tie down" technique and maximizes the tissue to bone-compression for 
optimum healing. 

[0030] Hence, the tunneling device 10 of the present invention allows 
for soft tissue repair to be completed using only a single shaft drilling device 
which enables the operator to engage in tissue repair which optimizes healing 
and recovery. In addition, the use of a single shaft instrument reduces the 
trauma to the patient and reduce the cost of the device. The tunneling device 10 
can further be used to secure a suture to the bone after the curved path has 
been formed. The suture retriever 36 may decrease steps and decrease 
operation time. 

[0031] The flexible rod 12 and the guide wire 38 form a guide 
mechanism, that may be used together or alone. As discussed above, the guide 
mechanism allows a user to navigate the flexible drill shaft 28 along a selected 
path. More specifically, the guide mechanism enables the user to steer, direct or 
manipulate the flexible drill shaft 28 along a selected path which may or may not 
be defined by a single radius. Thus, the path need not be pre-determined or 
enforced by a rigid exterior member. Rather, the path may be selected during 
the procedure depending upon various considerations. 

[0032] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
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to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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